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Illtiodliction:  Venous  thromboembolism  (VTE)  is  a  combat  casualty  adverse  event  reported 
to  the  Department  of  Defense.  Rates  of  symptomatic  and  asymptomatic  deep  vein  thrombosis 
(DVT)  and  pulmonary  embolism  (PE)  in  trauma  patients  arc  as  high  as  44  and  24%,  respectively. 
1  he  cuirent  guideline  is  that  all  major  trauma  patients  receive  VTE  chemoprophylaxis.  This 
piacticc  exposes  those  not  at  risk  lor  thrombosis  to  potentially  serious  bleeding  and  there  are  no 
adequate  laboratory  tests  currently  available  to  target  anticoagulant  prophylaxis  to  those  that 
need  it  most.  The  central  hypothesis  of  this  proposal  is  that  traumatic  injury  results  in  the 
release  of  procoagulant  and  pro-inflammatory  factors  found  both  in  plasma  and  microvesicles 
(MVs)  derived  from  blood  cells  and  injured  tissues.  The  specific  Aims  of  this  study  arc: 

Aim  I; 

•  Identify  cellular  origins  and  quantitate  procoagulant  microvesicles  (MVs)  defined  by  cell 
specific  markers  in  patients  with  acute  traumatic  injury. 

•  Determine  the  basis  of  differences  in  thrombin  generation  via  Calibrated  Automated 
Thrombogram  (CAT). 

Aim  I  will  be  achieved  through  a  prospective  cohort  study  of  patients  with  major  trauma, 
estimate  the  distribution  over  time  of  procoagulant  MVs  concentration  by  cell  of  origin  and 
thrombin  generation. 

Aim  2:  Develop  a  predictive  signature  for  a  prc-thrombotic  individual:  thrombin  generation 
concurrent  with  thrombogenic  microvesicles. 

Key  Words: 

Trauma,  Venous  Thrombembolism  (VTE),  Microvcsiclcs,Thrombin 

Research  Accomplishments; 

The  major  goal  of  the  project  was  to  assess  if  traumatic  injury  results  in  the  release  of 
procoagulant  and  pro-innammatory  factors  found  both  in  plasma  and  microvesicles  (MVs) 
derived  from  blood  cells  and  injured  tissues.  Furthermore,  our  goal  was  to  develop  a  predictive 
signature  for  a  pre-thrombotic  individual:  thrombin  generation  concurrent  with  thrombogenic 
microvesicles  i.e.,  to  assess  whether  individuals  with  elevated  thrombin  and  microvcsicles  arc  at 
increased  risk  for  VTE 

•  Standardization  of  methods  to  perform  the  MV  analysis  by  flow  cytometry  and  thrombin 
generation  by  calibrated  automated  thrombinogram  (CAT). 

•  When  performing  CAT,  reference  plasma  should  be  used  in  conjuction  with  patient  samples 
to  assess  for  any  lot-to-lot  variability  of  reagents  purchased  commercially.  (Appendix:  Figure 

I) 

•  Screened  2234  trauma  patients  and  enrolled  1 139  patients  and  89  volunteers  into  the 
proposed  study. 

•  Plasma  sample  analysis  of  443  patients  performed  each  patient  having  an  average  of  three 
samples  for  CAT  and  MV  analysis. 

•  Among  443  trauma  patients  (1734  samples;  1SS=13.()  [6.0,  22.0],  hospital  LOS=4.()  [2.0, 

10. Oj  days,  age=48  [28,  65]  years,  70.7%  male,  95%  with  blunt  mechanism,  mortality  3.2%), 
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no  disceinable  patterns  in  tlironibin  generation  or  MV  concentration  were  observed  over 
time.  The  peak  height  and  MVs  were  signilicantly  different  from  healthy  volunteers  and  were 
337  [285,  395]  iiM  and  400  [211,  772]  per  uL  plasma,  respectively. 

•  Extreme  (denned  as  highest  or  lowest  5%)  values  rcllccting  a  possible  ■'hypcrcoagulablc 
state  (lagtime  <  1 .98,  peak  height  >  486.2,  ttPeak  <  3.61,  and  total  procoagulant  MV  > 

2278)  were  reached  within  12  hours  after  acute  trauma,  while  extreme  values  representing  a 
possible  ‘diypocoagulablc  stale”  (laglimc  >  18.6,  peak  height  <  17.8  and  ttPeak  >  29.45)  were 
not  reached  until  1-3  days. 

•  We  subsequently  perlormed  further  analyses  to  assess  if  MV  and  thrombin  generation  kinetic 
data  can  be  used  as  predictors  for  VTE.  Although  MV  counts  did  not  correlate  with  VTE, 
thrombin  genetation  parameter,  ttPeak  via  CAT  assay  was  significant  predictor  of 
symptomatic  VTE  after  injury. 

•  Eight  three  patients  developed  VTE  within  92  days  after  trauma;  1 1  patients  developed  VTE 
within  day  1  and  35  patients  (42%)  developed  VTE  after  hospital  discharge. 

•  01  the  83  VTE  cases,  I  I  patients  developed  VTE  at  end  of  day  1  and  were  considered  to 
have  non-preventable  VTE.  Hence,  the  following  analyses  were  based  on  the  remaining  72 
VTE  cases.  In  a  univariable  analysis  of  the  prospective  cohort  data  that  included  clinical 
characteristics  available  within  24  hours  of  admission  (i.e.,  characteristics  that  would  be 
available  to  assess  the  individual  risk  of  VTE  shortly  after  admission),  several  clinical 
variables,  worst  (shortest)  ttPeak  and  Lagtime  within  first  24  hours  of  injury  (if  patients  had 
multiple  samples  over  time)  were  independent  predictors  of  incident  VTE  within  three 
months  after  acute  trauma. 

•  For  our  multivariable  model ,  we  chose  clinical  variables  that  were  significantly  and  strongly 
associated  with  VTE  and  easy  to  obtain  within  24  hours  after  admission.  This  model  showed 
that  increasing  patient  age  (1.30  [1.13,1.48],  P=().()()()2),  body  mass  index  (BMl)  >  30  kg/m2 
(3.66[  1.75,7.65],  P=0.()0()5),  any  surgery  that  required  general  anesthesia  (2.5()[  1 .50,  4.16], 
P^().()0()4)  and  most  hypercoagulable  (shortest)  ttPeak  value  reached  during  initial  24  hours 
(1.67[1.29,  2.15],  p  <().()()01)  were  independent  predictors  of  incident  (first-lifetime  time) 
VTE  within  92  days  after  trauma  (Table  1): 

Table  1:  Final  Multiple  Variable  Cox  Proportional  Hazard  Model  -  24-Hour  Independent 

Pi  edictors  of  VTE  after  Trauma'' 


Cliaracteri.stic 

HR 

95%  CT 

Bela  Coefficient 

Z-Statistic 

p-valiie 

25  <  BMI  <  30 

1.86 

(0.86,  4.04) 

0.622 

1.57 

0.116 

BMI  >  30 

3.66 

(1.75,  7.65) 

1.298 

3.46 

0.0005 

Age,  per  10 
years 

1.30 

(1.13,  1.48) 

0.259 

3.77 

0.0002 

Any  Surgery 

2.50 

(1.50,  4.16) 

0.917 

155 

0.()()04 

Worst 

(shoite.st) 

ttPeak* 

1.67 

(1.29,  2.15) 

0.510 

-3.96 

<0.0001 

^Concordance  Statistic  of  clinical  variables  is  0.728  (Increases  lo  0.759  with  addition  of  ttPeak) 
*Using  reagents  5  pM  TF/4  uM  PS  and  *HR  is  per  I -minute  decrease  in  ttPeak 
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•  In  a  receiver  operator  characteristic  curve  analysis,  a  VTE  risk  score  cutoff  of  0.570  gave  the 
best  sensitivity  and  specificity  of  74%  and  74%,  respectively.  Hence,  a  patient  at  end  of  day 
1  of  admission  who  has  a  VTE  risk  score  of  0.570  or  greater  would  be  considered  to  be  at 
I  ligh-Risk’  lor  V I  E  in  the  ensuing  92  days.  This  definition  led  to  52  true  positives,  18  false 
negatives,  78  false  positives  and  223  true  negatives.  The  addition  of  ttPeak  more  accurately 
predicted  VTE  than  using  clinical  variables  alone  (in  our  ease,  BMI,  Age,  Any  Surgery). 
Specifically,  we  were  able  to  identify  (net)  7  more  true  VTE  cases  and  7  more  true  VTE 
negative  patients,  reducing  the  rate  of  misclassification  by  13%  (14/1 10)  due  to  ttPeak  datum 
in  the  model  (Table2): 

Table  2:  Reclassification  of  Cases  and  Cohort  Patients  with  addition  of  ttPeak  to  the 


Multivariable  Clinical  Model: 


True  VTE  (Yes) 

True  VTE  (No) 

Low  to  High-Risk 

8 

9 

High  to  Low-Risk 

1 

16 

•  In  conclusion,  the  individual’s  plasma  coagiilomc  (as  reflected  by  thrombin  generation)  is  an 
independent  predictor  of  VTE  after  trauma.  Clinical  characteristics  and  ttPeak  can  be  used  to 
stratify  acute  trauma  pts  into  high  and  low  risk  for  VTE. 

Imnact: 

The  overall  incidence  of  VTE  remained  relatively  unchanged  at  about  1  per  1000  between  1980 
and  2000,  and  actually  increased  during  2001-2005.1-4  Likewise,  after  trauma,  the  incidence  of 
pulmonary  embolism  has  more  than  doubled  during  the  period  of  2007-2009  as  compared  to  an 
earlier  period  (1994-2001).  While  the  Joint  Commission,  CMS  and  the  Surgeon  General 
recommend  assessment  of  the  risk  of  VTE  for  every  hospitalized  patient,  our  poor  understanding 
of  mechanisms  contributing  to  VTE  has  precluded  development  of  reliable  biomarkers  and 
standardized  screening  procedures  to  identify  the  individual  at  high  risk  for  VTE.  Previously 
identified  clinical  risk  factors  for  VTE  after  trauma  have  a  low  predictive  value  for  the  individual 
patient;  fatal  VTE  may  occur  despite  a  presumed  low  risk  profile.  Hence,  there  is  critical  need 
for  identifying  the  high  VTE-risk  individual  trauma  patient  to  deereasc  the  risk  of  bleeding 
complicationsb  or  infection  from  the  use  of  anticoagulant-based  prophylaxis  in  the  low  VTE- 
risk  individual. 

We  successfully  enrolled  and  analyzed  plasma  samples  of  trauma  patients.  We  estimated  the 
distribution  over  time  of  procoagulant  MVs  by  cell  origin  and  thrombin  generation  (Aim  1)  and 
found  that,  overall,  patients  are  in  a  hypercoagulable  state  relative  to  their  time  of  discharge.  As 
evident  on  the  trend  plots  over  time,  no  overall  specific  pattern  of  CAT  variables  and  MV  counts 
were  observed  during  the  first  24  hours  after  injury.  However,  for  tho.se  patients  who  develop 
"Extreme”  CAT  variables  do  so  early  after  injury  and  they  have  consistenly  greater  injury 
severity  scores  (ISS).  Furthermore,  in  a  multivariate  Cox  model  that  included  clinical  and  CAT 
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characteristics  available  within  24  hours  of  admission,  shortest  ttPeak  (1.67[1.29,  2.15J,  p 
<().()()()() I )  was  an  independent  predictors  of  incident  VTE  within  92  days  after  trauma. 

I  his  is  the  first  study  to  show  that  an  individual’s  plasma  eoagulome  as  rellectcd  by  thrombin 
generation  (CAT)  can  be  used  to  predict  VTE  after  trauma.  Current  guidelines  recommend  VTE 
prophylaxis  for  all  trauma  patients,  a  patient  population  at  high  risk  for  bleeding.  The  literature  is 
leplete  with  well-designed  work  elucidating  risk  factors  for  VTE  in  trauma  patients.  However, 
follow-up  often  is  limited  to  the  duration  ol  hospitalization.  In  our  prospective  case-cohort 
study,  we  observed  that  42%  of  cases  developed  VTE  after  hospital  discharge.  This  observation 
is  very  similar  to  lindings  by  Godal  et  al.,  showing  that  the  period  of  VTE  risk  after  acute  injury 
persists  for  3  months  after  injury.  Additionally,  the  peak  endogenous  thrombin  generation 
lormed  more  quickly  as  compared  to  non-VTE  patients  very  early  after  injury.  In  particular, 
ttPeak  value  appears  to  be  an  independent  predictor  of  VTE  and  helped  us  to  identify  (net)  7 
more  true  VTE  cases  and  7  more  true  VTE  negative  patients;  reducing  the  rate  of 
misclassification  by  13%.  Hence,  acceleration  of  thrombin  generation  is  important  in  generating 
the  hypcrcoagulable  milieu  needed  for  thrombotic  complications.  In  our  multivariable  model,  Z- 
scores  for  the  beta-coefficients  were  on  the  order  of  3  to  4,  indicating  high  power  to  detect  them 
again  in  a  new  sample  of  similar  size.  Currently,  no  appropriately  validated  tools,  that  takes  into 
account  individual  patient  s  coagulation  phenotype,  are  available  to  identify  the  individual 
trauma  patient  at  high  risk  for  VTE.  Our  multivariable  model  shows  that  ttPeak  improves  the 
concordance  statistic  from  0.727  to  ().75cS. 

Changes/  Problems: 

•  Nothing  to  Report 

Products; 

•  Due  to  the  funding  of  the  grant,  we  have  analyzed  MV  data  and  recently  published  our 
findings  on  the  effect  of  transfusion  on  the  levels  of  procoagulant  MVs;  Dhillon  SK,  Houck 

ML,  Jenkins  DH,  Rosedahl  JK,  Harmsen  WS,  Hailing  TM,  Park  MS.  Transfusion  of  stored 
red  blood  cells  in  trauma  patients  is  not  associated  with  increased  procoagulant 
microparticles.  Accepted  in  J  Acute  Care  Surg.  2014;  77(5):  674-678. 

•  Due  to  the  funding  of  the  grant,  we  have  recently  published  our  findings  to  identify  potential 
mechanisms  for  venous  thromboembolism  and  bleeding  after  acute  trauma,  we  estimated 
changes  in  circulating  procoagulant  microvesicles  and  thrombin  activity  during 
hospitalization  for  trauma. Park  MS,  Xue  A,  Spears  GM,  Hailing  TM,  Ferrara  MJ,  Kuntz 

MM,  Dhillon  SK,  Jenkins  DH,  Harmsen  WS,  Ballman  KV,  Harrison  P,  Heit  JA.  'fhrombin 
generation  and  procoagulant  microparticle  profiles  after  acute  trauma:  a  prospective  cohort 
study.  J  Trauma  Acute  Care  Surg  2()15;79(5):726-31. 

Participants  &Other  Collaborating  Oraganization: 

No  change 

Special  Reporting  Requirements: 

Does  not  apply 
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Appendix: 


Figure  I; 

a)  Lot  to  lot  variation  ofPPP  reagents  sold  by  Thronibinoscope  BV  aecounted  for  during 
calculation  of  CAT  parameters:  Lag  Time  (min),  Peak  Height  (iiM)  and  ttPeak  (min).  The 
Graphs  depicts  the  adjusted  CAT  results  of  Cryocheck  reference  plasma 
•  Lot-to-lot  variation  between  lot  #1  (original)  and  lot#2  (new) 


Lol  to  Lot  Variation  of  PPP  Reagent  on  Lagtime 
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Lot  to  Lol  Variation  of  PPP  Reagent  on  Peak 
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Thrombin  generation  and  procoagulant  microparticle  profiles 
after  acute  trauma:  A  prospective  cohort  study 
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Melissa  M.  Kiintz,  Sahtir  K.  Dhillon,  MD,  Donald  H.  Jenkins,  MD,  William  S.  Harmsen,  MA, 
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OBJECTI\E: 


METHODS: 


RESULTS; 


CONCLUSION; 


LE\  EL  OF  E\  IDENC  E: 
KEY  WORDS: 


The  two  siiles  ol  trauma-intiuced  coagulopathy,  tlie  hypoco;igulable  anti  the  hypcrcoagtilablc  states,  are  poorly  understood.  To 
identil’y  potential  mechanisms  I'or  venous  throniboemholisni  and  bleeding  after  acute  trauma,  we  estimated  changes  in  cir¬ 
culating  procoagulant  micropailicles  (MPs)  and  thrombin  activity  during  hospitalization  for  trauma. 

Whole  blood  was  collcetcd  by  venipuncture  into  3.2%  trisoditim  citrate  at  0. 6,  1 2, 24,  and  72  hours  after  injury  and  discharge. 
Phitclet-poor  plasma  was  harv'ested  and  stored  at  — 80^C'  until  tmalysis.  Thrombin  generation  was  determined  using  the 
calibrated  atitomated  Ihrombogram  (CAT),  rcporteil  as  lag  time  (mintiles),  peak  height  (tiM  thrombin),  and  time  to  reach  peak 
height  (ttPeak.  mintites).  rhcconcciilralion  of  total  procoagulant  MPs  (number  pL)  was  measured  by  flow  cytometry.  Data  arc 
presented  as  median  (intenpiartile  range  |IQR|). 

■Among  443  trauma  patients  ( 1 ,734  samples;  Injitty  Severity  Score  |1SS|.  1 3.(1  (K^R,  6.0-22.()|;  hospital  length  of  stay,  4.0  days 
[IQR,  2.0  Ift.O];  age.  48  years  [IQR.  28  65];  70.7%  male;  95“ii  with  blunt  mechanism;  mortality,  3.2%),  no  discernable 
patterns  in  thrombin  generation  or  M  P  concentration  were  obsea'ed  overtime,  fhe  peak  height  and  MPs  were  significantly  dilTerent 
from  healthy  volunteers  and  were  337  nM  (IQR,  285-395)  and  400 'pL  plasma  (IQR,  2 1 1-772),  respectively,  l-xtreme  (defmedas 
highest  or  lowest  .5%)  \  ahies  rcnecliitg  a  possible  "hypercoagtilable  slate"  (lag  time<  1 .98,  peak  height  >486,2,  liPcak  <  3.61,  ;ind 
total  procoagulant  MP  >  2.278)  were  reached  within  12  hours  after  acute  trauma,  w  hile  extreme  \'alucs  representing  a  possible 
‘■Itypocoagiilable  state”  (lag  time  >  18.6.  peak  height  <  1 7.8,  and  tiPeak  >  29,45)  were  not  reached  until  I  day  to  3  days. 
Although  there  was  no  predictable  pattern  of  coagulo|ialhy  observed  in  each  patient  after  li  aiima,  those  who  reached  extreme 
values  did  so  relatively  early  after  injury.  These  findings  should  be  taken  into  account  when  designing  risk  model  tools  in- 
\  olving  coagulation  laboratory  parameters.  (./  rimmui  Acme  Cure  Surf;.  20 1 5;79;  726  73 1 .  Copyright  ©  20 1 5  Wollcrs  Kliiwer 
Health.  Inc.  .All  rights  reserved.) 
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Trauiiia-induccd  coagulopalliy  (TIC)  delected  early  after 
itijitry  rellecls  injury  severity  and  is  prognostic  for  blood 
transfusion  requirement  and  death. Maintenance  of  hemo.stasis, 
often  with  blood  products  aimed  at  limiting  hemorrhage,  comes 
with  the  price  of  ittcreased  risk  of  venous  thromboembolistn 
(VTR).-’  The  t\\'o  sides  of  TIC,  the  hypocoagulable  and  the 
hypercoagtilable  stales,  are  poorly  understood.  E.xistitig  thera¬ 
pies  to  treat  f  1C  arc  based  on  limited  understanding  of  their 
meehanisms.  Hence,  assays  with  enhanced  sensitivity  and 
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sjfccilicity  arc  needed  to  understand  the  basis  for  TIC.  In  a  prev  ious 
study,  we  noted  that  the  concentration  of  jflasma  procoagulanl 
microparticles  (MPs)  and  peak  thrombin  generation  in  patients 
with  blunt  trauma  correlated  with  injuiy'  sev’erit}',  while  the 
standard  clotting  assays  (prothrombin  time  and  activated  partial 
thromboplastin  lime)  were  within  the  normal  range.'’  Our  long¬ 
term  goal  was  to  identify  potential  mechanisms  for  VTE  and 
bleeding  after  acute  trauma.  In  a  prosjieetive  cohort  study,  we 
estimated  serial  changes  in  plasma  procoagulant  MP  concen¬ 
tration  and  thrombin  generation  potential  over  time  among  pa¬ 
tients  hospilali/cd  for  acute  trauma.  \Vc  hypothesized  that  TIC 
occurs  early  after  injury  and  it  is  quantifiable. 

PATIENTS  AND  METHODS 

In  a  prospective  cohort  study,  all  trauma  patients  trans¬ 
ported  to  the  Mayo  Clinic  Emergency  Department  (ED)  by 
ambulance  or  air  transport  from  February  201 1  to  June  2014 
were  considered  for  inclusion.  Exclusion  criteria  were  age  less 
than  18  years,  aniicoagulalion  (e.g.,  heparin,  warfarin)  or  anti¬ 
thrombotic  therapy  (excluding  aspirin  or  nonsteroidal  anti- 
inflammatoiy  drugs),  preexisting  coagulopathy,  more  than 
1 2  hours  from  time  of  injury,  transfusion  of  blood  products  before 
blood  sample  collection,  active  cancer,  sepsis,  renal  failure,  burn 
injuries,  or  declined  consent  by  the  patient  or  legal  guardian. 
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The  time  of  injuiy  was  determined  by  the  prehospital  medical 
providers  based  on  information  at  the  injury  scene.  Ifthe  time  of 
injury  was  unclear,  the  prehospital  medical  providers  estimated 
the  time  and  relayed  this  intormation  to  the  emergency  com¬ 
munication  center.  A  trauma  alert  page  was  then  sent  to  the 
hospital  and  laboratory  staff  as  to  the  time  of  injury.  We  collected 
demographic  and  baseline  clinical  characteristics,  including  In¬ 
jury  Severity  Score  (ISS),  patient  age  and  se.x,  body  mass  inde.x, 
hospital  length  of  stay,  all-cause  mortality,  and  start  and  stop  of 
anticoagulant-based  thromboprophylaxis  and  other  medications 
alfecting  coagulation.  Transfusion  therapy  was  mainly  based  not 
only  on  Mayo  Clinic  Trauma  Center  transfusion  guidelines  but 
also  at  the  di.scretion  of  the  medical  provider.  Blood  .samples  also 
were  collected  for  reference  (control)  analysis  from  89  volunteers 
with  no  histoiy  of  thrombosis  (i.c.,  stroke,  myocardial  infarction, 
or  VTR)  or  recent  antithrombotic  (thienopyridine;  including 
aspirin  or  nonsteroidal  anti-inflammatoiy  drugs)  or  anticoagulant 
(heparin,  low-molecular-weight  heparin,  vwaifarin)  therapy,  who 
were  recruited  by  advertisement  w'ithin  the  Mayo  Clinic  Rm- 
ployee  Portal.  This  study  w'as  approved  by  the  Mayo  Clinic  In¬ 
stitutional  Review  Board. 

Sample  Collection  and  Processing 

Blood  samples  were  collected  at  baseline;  at  2,  6,  and 
1 2  hours;  at  I  and  3  days  after  injury;  and  at  hospital  discharge. 
When  patients  were  unable  to  provide  consent  at  the  time  of  the 
trauma,  consent  was  obtained  from  the  patient  or  legal  guardian 
within  30  days  of  hospital  discharge;  samples  were  discarded 
when  consent  could  not  be  obtained.  A  total  of  1 8  niL  of  whole 
blood  was  collected  by  antecubital  venipuncture  or  via  existing 
indw'elling  catheters  into  4.5  mL  citrated  Vacutainer  tubes 
(0. 1()5-M  buffered  sodium  citrate,  3.2%  Beclon  Dickinson, 
Plymouth,  United  Kingdom),  procc.sscd  to  platelet  free  plasma 
by  double  centrifugation  (3, ()()()  Ci,  1 5  minutes)  as  recommended 
by  the  I STl  I  vascular  biology  SSC  Collaborative  Workshop,^  and 
stored  in  multiple  aliquots  at  -80°C  until  analysis.  All  samples 
were  proce.sscd  within  1  hour  of  collection. 

CAT  Analyses 

Thrombin  generation  was  measured  w'ith  the  CAT 
(Thrombinoscopc  BV,  Maastricht,  the  Netherlands),  using  a 
l•'luoro.skan  Ascent  plate  reader  (39()-nm  excitation,  46()-nm 
emission.  Thermo  F.lcctron  Corp,  Vantaa,  Finland),  as  pre\’i- 
ously  described  by  I  lemkcr  et  ah'* and  Owen  et  al. Assays  of 
trauma  patient  samples  were  performed  in  triplicate.  Corn 
trypsin  iiihibitor  (25  mg/niL)  25  |jlL  (50  p.g/mL,  final  con¬ 
centration)  was  added  to  each  plasma  sample  before  CA'f 
analyses.  Thrombin  generation  was  initiated  using  two  different 
reagents:  addition  of2()  |iL  ofeither  PPP  (5-pM  tissue  factor  and 
4-p.M  phospholipid  .Stago,  United  States)  or  PRP  ( l-pM  tissue 
factor,  Stago,  US)  reagent,  fhen,  80  p,L  of  citrated  platelet-poor 
plasma  was  added  to  each  well  of  U-bottom  96-well  microtiter 
plates  (Nunc,  Thermo  Fischer  Scientific,  Roche.ster,  NY)  using  a 
single  channel  pipette.  After  an  incubation  period  ( 1 0  minutes  at 
37°C),  20  [jlL  of  warmed  FLUCA  reagent  (Fluca  kit,  TS50, 
Thrombinoscopc,  BV),  which  contains  the  flitorogenic  sitbstrate 
and  CaCl2  w'as  added  to  each  w'cll  via  an  automated  rlispenser. 
Thrombin  generation  curves  were  recorded  continuously  for 
90  minutes  at  a  rale  of  three  readings  per  minute.  Separate  wells 
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containing  the  thrombin  calibrator,  which  corrects  for  inner  filter 
effects  and  quenching  variation  among  individual  |ilasmas,  were 
also  measured  in  parallel.'^  A  dedicated  program,  Thrombinoscope, 
W'as  tised  to  calculate  thrombin  activity  o\'cr  time,  f he  parameters 
derived  w’ere  lag  time  (IT),  time  to  peak  (ttPeak),  ami  peak  height 
(PI  I).  We  did  not  analyze  samples  collected  after  anticoagulant- 
based  (mainly  heparin)  prophylaxis;  we  have  found  that  prophy¬ 
lactic  do.se  of  heparin  completely  atlctiuates  thrombin  generation 
in  CA'f  analyses.  When  tin  fractionated  heparin  was  added,  at 
varying  concentrations  from  0. 1  U/ml.  to  0.4  U/mU,  to  platelet- 
poor  plasma  (Cryochcck),  we  noted  a  significant  decrease  in  PI  I 
values  (85%  decrease)  and  prolongation  of  LT  (200%  increase) 
even  at  the  lowest  dose. 

MP  Analyses 

■fhe  flow  cytometric  assay  to  measure  plasma  MPs, 
w'ithout  ultracentrifugation,  w'as  adapted  from  the  method 
of  Ayers  et  al."  The  MPs  were  analyzed  by  FACSCanto  II 
ftow  cytometer(BD  Biosciences,  San  Jo.se,  CA)  and  using  BD 
Diva  Software  \'crsion  6.0.  Samples  were  mn  at  high  ftow  rate  of 
120  p.L/min.  To  note,  cvciy  morning,  before  patient  sample 
analyses,  filtered  lIFTES-bulfered  saline  (IIBS)  bulfcrs  with  and 
without  antibodies  were  analyzed  to  be  sure  the  reagents  w'ere  free 
ofeontaminanK  Fluorbrite  beads  ofO.2  p.m  to  2.0  ixm  in  1 : 10,000 
dilution  of  fIBS  buffers  w’cre  analyzed  to  enstire  the  instnimcnt 
w'iis  optimized  forgating  on  MPs,  w  hich  were  defincil  in  this  sUiiiy 
as  events  less  than  I  p.m  in  diameter  and  positive  for  Annexin  V 
(proeoagulant)  and  cell-specific  markers. 

To  establish  proeoagulant  properties  of  the  MP,  a  dual¬ 
labeling  procedure  was  used.  For  each  sample  analysis,  100  p,L 
of  test  plasma  samples  were  diluted  w’ith  890  |xl.  of  filtered  I  IBS 
(pi  I  7.4)  and  10  |jiL  of  lliiaidin  (to  achieve  final  concentration  of 
I  p.M)  was  added  to  pre\’ent  clot  formation.  Then,  all  the  samples 
w'cre  stained  with  4-p.L  lluoroehrome-labelcd  Annexin  V-FITC 
(BD  Pharmingen,  556420)  monoclonal  antibody,  which  bitids  to 
proeoagulant  pho.sphalidylscrine  (Annexin  V)  expressed  on  MP, 
and  either  4  p.L  of  R-phyeoerythrin  (PR)-labeled  monoclonal  an¬ 
tibody  to  CD42a,  which  binds  to  single  chain  integral  membrane 
glycoprotein,  GI'IX,  on  platelet-derived  MPs  (BD  Pharmingen, 
558819  or  56 1 853)  or 4  piL  of  IgG  PR  (isotype  control).  Following 
30-niinute  incubation  of  samples  with  the  antibodies,  800  p.1. 
of  filtered  IIBS-Ca  was  added  as  well  as  100-p.L  Trueount 
beads  (BD  Biosciences).  Rach  tube  was  run  for  a  minimum  of 
300  seconds  or  until  1 ,500  ev'cnts  were  collected  in  the  frucount 
bead  gate,  frucount  beads  facilitated  the  accurate  calculation  of 
MP  absolute  numbers,  using  the  following  formula: 

cm,nl  ,.f  cell  p,.|n,l.,uon  =  A'""'’'"  ‘■f  conl.ilninj.  cell  pc|'iih1inn 

Nuittbcf  ot  CNCiils  in  jbsoluie  cotinl  Ivud  region 
lol.il  number  of  beads  per  lesi* 
le'l  \olumc 

An  MP  gate  on  a  flow'  cytometry  plot  of  fon\’ard  scatter 
versus  side  scatter  was  used  to  distinguish  MP  from  small 
platelets,  as  previously  published."  "’  All  buffers  were  filtered 
twice  through  Millex-GP  33-mm  fillers  in  preparation  of  daily 
sample  analyses.  All  antibodies  w'ere  also  filtered  Iw'ice  through 
().2-p.m  membrane  filters.  Unfiltered  buffers  and  antibodies 
contain  interfering  numbers  ofchemical  MPs  (data  not  shown). 
In  addition,  we  lused  a  commercially  available  reference  plasma, 
Cryocheck  (Precision  Biologic,  Dartmouth,  NS),  which  was 
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TABLE  1.  Demographic  and  Baseline  Characteristics  of 
443  Trauma  Patients 


Age  at  trauma,  median  (IQR),  y 
Male  sex,  n  (%) 

Blunt  mechanism,  n  (%) 

ISS,  median  (IQR) 

Ho.spital  length  of  stay,  median  (IQR),  d 
Death,  n  (“<>) 

Inlernational  nomialized  ratio  (admission),  median  (IQR) 
Par(ial  (hromhoplastin  time  (ailmission),  median  (IQR),  s 
Hemoglobin  (admission),  median  (l(,)R),  g'dl. 

Red  blood  cell,  median  (IQR)  (fns(  24  h  of  arrival),*  U 
Plasma  median  (IQR)  (first  24  h  of  arrival)* 

Platelet  median  (IQR)  (first  24  h  of  arrival),*  U 
C'ryoprecipitate  median  (IQR)  (first  24  h  of  arrival).*  U 
franexamic  acid  administration  in  prehospital  or  HD  (°4) 
Behitlin  (PCC)  infusion  in  prehospital  or  F.D  (%) 


48  (28-65) 

313  (70.7) 

423  (95.5) 
13.0(6.0  22.0) 
4.0  (2.0-10.0) 
14  (3.2) 

1.0  (I.O-I.I) 
26.0  (24.0-29.0) 
13.7(12.0  14,8) 
4(2-7) 

5 (2-6) 
2(1-2) 
2(1-2) 
10(2.3) 

4(1) 


‘Median  (IQR)  among  the  palienis  who  received  each  lype  of  hlood  product  witinn 
the  (irsl  24  hours  of  arrival  (77  patients  received  red  blond  cells.  43  patients  received 
plasma.  42  patients  received  platelets,  and  14  patients  received  cryoprecipitate). 


analyzed  with  every  carousel  of  patient  samples  to  ensure  that 
our  technique  for  MP  analysis  was  consistent.  The  overall  mean 
of  AnnV  pos  MP  counts  in  Cryoeheck  was  calculated  to  be 
3,046  i  674  per  |jlL  plasma.  Between  tw'o  experienced  le.seareh 
technologists,  the  range  of  coefficient  of  variation  using  this 
reference  plasma  has  consistently  been  1 5%  to  23%.  With  the 
use  of  the  compensation  setup  featuie  of  DIVA  software  (V6, 
BD  Bioscicnces),  compensation  was  determined  by  running 
unstained  and  single-color  positive  contiol  samples  following 
the  manufacturer’s  recommendations. 

Statistical  Analyses 

Data  analysis  was  perfonnctl  using  SAS  version  0.3  (SAS 
Institute  Inc,  Cary,  NC)  and  R  version  3.0.2,  Descriptive  statistics 
aie  piesented  as  median  (interquaitile  range).  A  comparison  of 
continuous  variables  between  tiauma  patients  and  volunteers 
(controls)  was  performed  using  analysis  of  variance,  the  deiiendent 
variable  being  the  ranked  laboiatory  value  anil  ineluding  age 
and  sex  in  the  model  as  additional  independent  x'ariables.  “Ex¬ 
treme”  values  were  defined  as  the  greatest  or  lowest  5%  of  x’alues, 
regardless  of  patient  or  the  time  of  sample  acquisition  lelative 


to  the  time  of  injury.  For  each  laboiatory  parameter,  the  most 
“hypercoagulable”  value  within  the  first  24  hours  for  each  patient 
was  identified;  this  was  defined  as  the  lowest  5%  LT  anti  ItPeak, 
the  greatest  5%  PH  and  MP  counts,  fhe  most  “hypoeoagulable” 
value  was  defined  as  values  at  the  other  end  of  extreme  5%.  The  a 
level  was  set  at  0.05  for  statistical  signifieanec. 


RESULTS 

From  Febmaiy  201 1  through  April  2014,  we  screened 
2,106  patients  and  1,418  met  inclusion  criteria.  Of  these  eligible 
patients,  288  declined  to  participate,  332  patients  did  not  return 
mail-in  consents,  and  their  study  samples  were  discarded.  Of  the 
798  enrolled,  we  randomly  analyzed  blood  samples  of  443  pa¬ 
tients;  to  assess  for  existence  of  discernible  pattern  in  thrombin 
generation  and  MP  counts  after  injury.  The  number  of  patient 
samples  analyzed  at  each  time  point  was  as  follows:  (1)  228 
baseline, (2)368  at  6  hours,  (3 ) 39 1  at  1 2  hours, (4) 3 1 0 at  24 hours, 
(5)  210  on  Day  3,  and  (6)  155  on  the  day  of  discharge.  Demo¬ 
graphic  data  are  displayed  in  Table  I .  Of  (he  443  patients  .sampled. 
90  were  transfused  wilhin  the  first  24  hours  alter  arrival  to  our 
trauma  center,  fhe  median  among  the  patients  who  received  each 
type  of  blood  product  within  this  time  frame  were  as  follows: 
packed  red  blood  cells  (RBCs)  4  (IQR,  2-7),  frozen  or  thawed 
plasma  5  (IQR,  2-6),  platelets  2  (IQR,  1—2),  and  cryoprecipitate 
2  (IQR,  1-2). 

Comparison  of  Laboratory  Values  Between 
Trauma  Patients  ancH  Volunteers 

The  median  patient  and  volunteer  ages  were  48  years 
(IQR,  28-65)  and  40  years  (IQR,  27-53)  (/)  -  0.002),  re¬ 
spectively;  71%  and  49%  of  trauma  patients  and  volunteers, 
respectively,  were  men  (p  <  0.001).  For  both  PPP  and  PRP, 
thrombin  PH  and  ttPeak  were  significantly  greater  and 
shoiter,  respectively,  as  compared  with  volunteers,  wiiile  the  L'f 
did  not  differ  significantly  using  PPP  reagent,  these  samples 
from  trauma  patients  also  had  significantly  greater  procoagulant 
MP  levels  in  peripheral  blood  even  aller  adjusting  for  age  and  .sex 
(Table  2).  We  also  observed  a  wide  variance  of  thrombin 
generation  and  MP  levels  as  compared  w'ith  healthy  volun¬ 
teers  (see  Figures,  Su]iplementary  Digital  Contents  I  and  2, 
http://links.Kvw'.coni/TA/A638). 


TABLE  2.  Comparison  of  Laboratory  Values  between  Trauma  Patients  and  Uninjured  Screened  Volunteers  (Adjusted  for 

Sex  and  Age) 

Vii  liable 

Palieiit,  Median  (IQR) 

X'niiinleer,  Median  (IQR) 

l> 

5-pM  TI-/4-1JI.V1  PS  (PPP  reapcnl)  LT.  min 

2.67  (2.38-3.27) 

2.67  (2.3.3-2.96) 

0,320 

Pll,  iiM 

337.6  (285.9-395.6) 

320.6  (287.0-343.9) 

0,0081 

((Tcnk.  mill 

4.73  (4.19  5..56) 

5.11(4,61  5.67) 

<0.0001 

l-pM  n-  (PRP  reagenl)  I.P.  min 

8.34  (6.89-10.56) 

9.00  (8.00- 10.07) 

<0.001 

PH,  iiM 

49.2  (33.9-71.4) 

2.5.6  (I9.S-.34.I) 

<0.(1001 

lll’eak.  min 

17.19  (14.55-20.22) 

20.56  (18.56-22.78) 

<0.0001 

Ibial  procoagulant  MPs  (number,  |i.l,  plasma) 

401  (212-772) 

241  (l4()-53()) 

0.0015 

Plalclcl-iicriveil  procoagiilant  MPs  (numher/pl.  plasma)* 

19.4(10.6  40.8) 

31.6(13.1  6.5.8) 

0.0023 

PS.  pllospholipid;  TR  lissue  fatliir. 
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Trend  Over  Time  and  Time  To  Reach 
Extreme  Values 

The  plots  ol'each  iiuliviclual  patient’s  thrombin  acti\  ity  and 
MP  counts  over  time  did  not  exhibit  a  discernable  pattern;  each 
patient  displayed  a  unique  pattern  after  injury  (see  I'igure,  Sup¬ 
plementary  Digital  Content  3a-d  http://links.l\v\v.comArA/A638). 
Since  no  particular  trends  in  the  serial  blood  analyses  of  individual 
patients  were  observect  extreme  (delinetl  as  highest  or  lowest  5%) 
values  rcHeeting  a  possible  “hypcrcoagulable  state”  (Tables  3-5) 
and  “hypoeoagitlable  state”  were  calculated  (Tables  3  and  4).  We 
obscrvetl  that  the  hypercoagulable  extreme  \'alues  were  reached 
within  1 2  hours  after  acute  trauma,  while  hypoeoagulable  extreme 
values  were  not  reached  until  I  day  to  3  days. 

Comparisons  of  CAT  and  MP  Values 
With  Degrees  of  Injury  Severity  and 
Blood  Transfusions 

Among  the  cohort  of 443  patients,  261  patients  presented 
with  ISS  of  less  than  1 5,  96  patients  presented  with  ISS  of  1 5  to 
24,  and  86  patients  had  severe  injury  with  ISS  of  25  or  greater. 
We  observed  that  shortened  LT,  decreased  PI  I,  and  ttPeak  were 
found  to  be  associated  with  greater  injury  severity  (Table  6). 
However,  there  were  no  significant  differences  betweeti  these 
groups  of  patients  with  regard  to  MP  counts.  I'herc  were  no 
overall  significant  differences  in  CAT  and  MP  values  between 
tho.se  who  received  any  blood  type  transfusion  and  those  who 
did  not. 

DISCUSSION 

In  this  study,  we  have  obseiA  cd  that  endogenous  thrombin 
generation  and  circulating  procoagulant  MP  are  significantly 
dilferent  in  trauma  ptitients  when  compared  with  volunteers. 
In  particular,  PH  and  ttPeak  values  were  greater  and  lesser,  re¬ 
spectively,  in  the  trauma  patients  relative  to  the  volunteers.  I  lence, 
patients  exhibit  acceleration  of  thrombin  geneiation,  indicating 
that  the  plasma  coagulome  is  important  in  generating  the  hyper¬ 
coagulable  milieu  needed  for  thrombotic  complications.  As  injury 
severity  increased,  a  shortened  LT  and  ttPeak  were  observed  which 
are  consistent  with  accelerated  rate  of  thrombin  generation. 

In  our  cohort  study,  serial  blood  draws,  relative  to  time  of 
injury,  were  obtained  from  trauma  |iatients  until  their  discharge. 
In  so  doing,  we  did  not  observe  any  discernible  pattern  over 


TABLE  3.  Time  to  Extreme  Values  for  CAT  Data  Using 
PPP*  Reagent 


N'miahle 

II 

Rxh'cine  5%  \’:iliie 

Time  to  Extreme  N’aliie,  d 

1  lypercoa^'ulablc 

LT.  min 

I..S75 

<i.98 

0.27  (0.12-0.50) 

Pll.  iiM 

I..S75 

>486.2 

0.5t)  (0.09-2.97) 

nPciik,  min 

1,575 

<3.61 

0.32  (().24-4).59) 

1  lypucoa^ulable 
\A,  nun 

1.575 

>5.00 

2.95  (1.03  7.27) 

PH.  nM 

1,575 

<194.6 

0.97  (0.49-3.08) 

tlPeak,  min 

1,575 

>8.00 

2.95  (0.9,3-6.68) 

•t'l'f.  5-pM  IT4-(iNt  t'S. 

PS.  phospholipid;  Tl-.  lissutf  hictor. 


TABLE  4.  Time  to  Extreme  Values  for  CAT  Data  Using 
PRP*  Reagent 


\'arial)lc 

n 

Extreme  5%  \’alue 

Time  («  Extreme  N'aliie,  it 

Hypercoafuilalilc 

LT,  min 

1.574 

<5,33 

0.25  (0.07-0.47) 

Pll,  nM 

1,574 

>133.2 

0.07  (0.05  0.26) 

ttPeak.  min 

1,574 

<10.89 

0.20  (0.06-0.45) 

1  Ivpocoa.milable 

LT,  min 

1.574 

>18.56 

2.98  (0.95-4,87) 

PH.  iiM 

1,574 

<17,8 

1.86  (0.75^.00) 

ttPeak.  min 

1 .574 

>29.45 

2.95  (0.93-5.69) 

TRP.  1-pM  TF. 
TF'.  tissue  fnecor, 


time  for  individual  patient-level  thrombin  activity  and  MP 
counts.  Curry  et  al."  recently  showed  in  their  pilot  .study  of 
50  patients,  an  increase  in  peak  thrombin  generation  imme¬ 
diately  after  trauma  admission  as  compared  with  the  values  at 
the  time  of  admission.  However,  the  mean  time  from  injury  to 
admission  was  not  specified.  Similarly,  Matijevie  et  al.''’  de¬ 
scribe  their  findings  ofcellular  MPs  anil  thrombogram  in  patients 
enrolled  in  the  Prospective  Multicenter  Major  Trauma  Transfu¬ 
sion  (PROMMTT)  study.  They  only  collected  one  time  blood 
sample  at  the  time  of  admission  for  trauma,  but  the  time  at  which 
these  samples  were  eoliccted  relative  to  the  time  of  injury  is  not 
specified.  Obtaining  blood  relative  to  time  of  injury  is  important 
becau.se  it  allows  us  to  gain  a  better  understanding  of  where,  in 
the  time  continuum  of  injury  response,  a  patient  may  reside. 
Regardless,  this  study  supports  the  findings  of  these  other  in¬ 
vestigators  who  have  shown  that  thrombin  generation  and 
procoagulant  MP  counts  arc  altered  after  trauma  as  compared 
with  noninjured  volunteers. 

Thrombin  Generation  Assay 

CAT  is  a  functional  assay  of  global  thrombin  generation. 
It  measures  the  rate  of  thrombin  generation  and  inhibition  in 
citrated  plasma  and  has  been  used  to  quantify  procoagulant 
activity  in  several  diseases  including  VI'L  atid  coronary  artery 
disease.'''""'  In  our  previous  pilot  study,  we  performed  native 
thrombin  generation  assays,  as  initially  described  by  Dunbar 
and  Chandler,''^  in  which  no  agonist  such  as  tissue  factor  or 
phospholipid  source  (PCPS)  was  added.  The  role  of  CAT  in 
clinical  practice  has  yet  to  be  defined  largely  because  of  a  lack 
of  official  standai  dization  of  the  assay  with  its  associated  large 
interlaboratory  variability.  I  lowever,  Dargaud  et  al.^"  were  able 
to  reduce  assay  variability  when  assays  were  performed  using 


TABLE  5.  Time  to  Extreme  Values  for  MPs 


Variable 

n 

Extreme 

5%  Value 

rime  to  Extreme 
V  alue,  (I 

Cl)42*.  procoagulant 

1.7,34 

>126 

0.55  (0.25  4.06) 

MPs  (  (jlL  plasma)* 

Total  procoagulani  .VIPs 

1.7,34 

>2,278 

0.25  (0.05-1.98) 

I /(it.  pliisma) 

*C'I)42‘.  piocoa^ulaiU  XtPs.  .‘Viincxin  Vh  MPs  dcrilcd  from  pliilclels  only. 
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TABLE  6.  Comparisons  of  CAT  and  MP  Values  With  Degrees  of  Injury  Severity 

N'ariable 

IS.S<  15  (n  =  261) 

ISS,  15-24  (11  =  96) 

ISS  >  25  (n  =  86) 

P 

5-pM  TF/4-|jiM  PS  (PPP  reagent)  I.T,  niin 

2.7<)  (2.38-2.33) 

2.67  (2.33-3.11) 

2.67  (2.20-3.36) 

<^0.0001 

PH.  nM 

342.6  (293.2-396.8) 

347.4  (290.2-109.9) 

319.4  (267.6-376.2) 

-0.0001 

llPeak.  min 

4.94  (4.33-5.7S) 

4.56  (4.06-5.14) 

4.52  (3.92-5.30) 

<0.0001 

1-pM  IF  (PRP  reagent)  LT,  min 

8.67  (7.11-11.00) 

7.86  (6.67-10.22) 

8.22  (6.64-10.21) 

<0.0001 

PH.  nM 

46.9  (33.2  68.1) 

49.8  (34.0-73.4) 

52.4  (35.9-77.5) 

0.0071 

ttPeak,  min 

17.89  (15.3.3-21.00) 

16.70  (14.05-19.36) 

15.97  (13.56-18.84) 

<0.()()0l 

Total  proco.agulant  MPs  (  VI.  plasma) 

405.6  (211.5-786.9) 

424.3  (237.9-770.7) 

372.7  (197.8-758.3) 

0.370 

CD42^,  proeoagulant  MPs  (/pL  plasma)* 

20.6(ll.l-)2.l) 

18.5  (9.9-36.1) 

19.0  (9.1-42.9) 

0.0520 

*('D42*,  proeoagulant  MPs,  platelet-derived  proeoagulant  MPs. 

PS,  phospliohpul;  TP'  tissue  factor. 

identical  equipment,  standardized  reagents,  and  carefully  se¬ 
lected  reference  plasma  for  normalization  of  results.  We  have 
])reviously  demonstrated  that  CAT  assays  can  be  perfonned  with 
reproducible  results  when  commercially  available  reference 
plasma  is  used  with  cveiy  patient  sample  runs.^'  In  addition,  the 
presence  of  lot-to-lot  variability  of  PPP  aiul  PRP  reagents  have 
to  be  taken  into  account  if  CAT  data  are  to  be  used  to  make 
clinical  correlations.  In  brief  we  plan  to  perform  experiments 
that  hopefully  will  begin  to  dissect  llie  proeoagulant  and  anti¬ 
coagulant  activities  accounting  tor  the  oKsened  net  thrombin 
generation  response  after  trauma.  The  iiu'cstigators  of  Trans- 
Agency  Research  Consortium  for  Trauma-Induced  Coagulopathy 
(TACTIC)  study  l-UM-l-HLI2()877-2  have  begun  the  iterfor- 
mance  of  comprehensive  analyses  of  coagulation  and  inflam¬ 
mation  profiles  in  trauma  patients.  Hopefully,  this  multiccnter 
multidisciiilinary  team  of  physicians  and  scientists  can  enhance 
our  understanding  of  the  mechanisms  for  the  development  of 
coagulopathy  in  trauma  patients  after  injuiy 

MP  Analyses  by  Flow  Cytometry 

MPs  are  found  in  healthy  individuals.  In  normal  plasma, 
MP  deriv'cd  from  platelets  arc  the  most  common  (>8()%), 
followed  by  MPs  derived  from  endothelial  cells  (<10%)  and 
leukocytes  (<10%).^-  Thrombogenic  potential  of  MPs  that  ex¬ 
press  surface  pho.sphatidylserine  ( Annexin  V  t )  are  proeoagulant 
in  vitro. Thus,  endogenous  MPs  expressing  membrane 
pho.sphatidylserine  may  not  contribute  intrinsically  to  throm¬ 
bosis  but  may  drive  thrombosis  in  an  environment  where 
proeoagulant  ejizymcs  arc  generated,  such  as  would  be  expected 
in  peripheral  blood  of  patients  after  major  trauma.’  In  this  study, 
MP  analyses  were  limited  to  Annexin  V-binding  (proeoagulant) 
MPs.  some  of  which  are  derived  from  platelets.  Turther  cxaltt- 
ation  needs  to  be  performed  to  quantify  the  number  and  subtypes 
of  MPs  present  in  our  bank  of  stored  samples.  Curry  ct  al. 
quantified  subtypes  of  MPs  in  platelet-poor  plasma  without  ul- 
traeentrifugation.  We  adopted  their  technique  as  data  variability' 
became  significantly  less  when  ultraneentrifugation  step  was 
omitted.  Curry  et  al.  found  significantly  greater  red  blood  cell, 
proeoagulant  (Annexin  Vi )  MPs,  and  decrease  in  endothelial 
cell-derived  MPs.  As  compared  with  their  41  survivors,  the 
9  nonsurvivors  had  significant  decrease  in  platelet-derived 
proeoagulant  MPs.  As  performed  by  Curry  et  al.,  we  have 
used  the  recommendations  within  the  ISTII  SSC  guidance  for 
standardization  of  MP  analysis.^'*  Similar  to  CAT  assays,  an 
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obstacle  to  translating  MP  analysis  methods  into  the  clinical 
arena  is  the  lack  of  standardization  that  has  been  uniformly  ac¬ 
cepted  by  the  research  community.  Namely,  there  is  a  lack  of 
eonscnsits  with  regard  to  MP  analyses  performed  using  identical 
equipment,  standardized  reagents,  and  carefully  selected  refer¬ 
ence  plasma  for  normalization  of  results.  This  is  an  area  of  re¬ 
search  in  dynamic  flux,  and  it  remains  to  be  determined  if 
characterization  of  proeoagulant  MPs  could  find  practical  ap¬ 
plications  in  the  clinical  arena. 

Limitations 

Our  study  has  several  limitations.  First,  our  definitions  of 
hypercoagulable  or  hypoeoagulable  stiitcs  were  arbitrary.  We 
chose  the  greatest  or  least  5%  of  thrombin  generation  variables  to 
define  hypercoagulable  and  hypoeoagulable  states,  respectively. 
With  regard  to  total  inocoagulant  MPs,  we  defined  plasma 
samples  with  the  greatest  number  (in  the  top  5%)  to  be  hyper- 
coagulablc.  Second  the  patients  enrolled  in  this  study  were  not 
eonseeutive  admissions  because  our  overall  consent  rate  was 
approximately  60%.  Lastly,  we  did  not  stratify  our  findings  based 
on  fluid  administration  and  blood  transfusions,  which  may  alTect 
oitr  findings  secondaiy'  to  hemodilution  or  alteration  of  coagu¬ 
lation  secondary  to  blood  product  administration. 

CONCLUSION 

In  this  prospective  cohort  study,  we  observed  an  incrciise  in 
thrombin  generation  by  CAP  and  proeoagulant  MPs  after  injury. 
.Mtbough  there  was  no  predictable  pattern  of  coagulopathy  ob- 
ser\  ed  in  each  patient  after  acute  trauma,  patients  who  reached 
extreme  values  did  so  relatively  early  after  injury,  'fhe.se  findings 
should  inform  the  design  of  risk  model  tools  iiwolving  coagu¬ 
lation  laboratory  parameters.  Challenges  remain  regarding  the 
lack  of  standardization  and  lack  of  reference  controls  to  allow 
reproducibility  ofdata  among  different  centers.  I  lence,  it  remains 
to  be  determined  if  thrombin  assays  by  CAT  and  eharaeterization 
of  proeoagulant  MPs  could  find  practical  applications  as  diag¬ 
nostic  indicators  of  postinjuiy  TIC. 
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